Nocturnal invertebrate abundance peaks in lotic systems are usually associated to drift, however, diel migrations other than drift may be important in slow-flowing systems. Then, macroinvertebrate distribution on macrophytes may change along the day as result of vertical or horizontal migration from sediments or the water column. My objective was to determine whether macroinvertebrate abundance on macrophytes changes along 24 h. Three Ceratophyllum demersum patches were sampled in late spring from the Las Flores stream (Central Argentina) at 11:20 h, 17:10 h, 23:00 h and 5:00 h. Macroinvertebrates were counted and identified, and relative abundances were estimated for each sampling time. The dominant groups of macroinvertebrates sampled were Oligochaeta, Amphipoda and Cladocera. The relative abundance of macroinvertebrates on macrophytes was the highest at 5:00 h, when dissolved oxygen in water reached its minimum. In conclusion, the abundance of macroinvertebrates on macrophytes in Pampean streams may increase at night, probably as result of nocturnal migration driven by changes in predation risk or dissolved oxygen.
it is frequently understudied due to logistical problems. In aquatic systems, its study is particularly important because light limitation usually exists. In any case, aquatic organisms which activity is affected by light and dark cycles are relevant because they are often herbivores eaten by fishes [1] , or they are fishes themselves [2] .
In lotic and lentic environments, the study of darkness effect on macroinvertebrate activity has been approached in different ways. While in lotic systems it has long been recognized the existence of a nocturnal peak in drift rates [3] [4] , in lentic systems the existence of diel vertical migration is well known [5] . In both cases, night movements are associated with a behavioral change which is mainly explained by differences in light intensity [2] [6], although some have also reported oxigen driven (Wiley & Kohler, 1980) and endogenous behavioral changes [7] . Regarding the adaptative meaning, the hypothesis of darkness providing refuge from predators is the most accepted [1] [2] . On the other hand, since natural light and dark cycles have existed throughout evolutionary time, many organisms may have evolved behaviors that are cued by or are dependent upon darkness, like foraging and reproductive behaviors [8] .
In Pampean streams, the lack of riparian forest, low current velocity and high nutrient concentration allow the development of abundant and diverse patches of aquatic plants [9] which provide special environmental conditions that may affect organisms behavior during night, as it has been reported for lakes [10] . In addition, low current velocity may reduce the importance of drift for invertebrates that, having greater movement autonomy, may be able of a nocturnal migration analogous to that reported for lentic environments.
The objective of this study was to estimate the variation in macroinvertebrate abundance on macrophytes along 24 h in a Pampean stream. The working hypothesis was that in Pampean streams there is an increase in epiphytic macroinvertebrate abundance at night, suggesting the existence of nocturnal migrations.
Methods
The study was conducted in the Las Flores stream, a second-order stream that is a tributary of the Luján River (34˚27'25"S, 59˚03'56"W). The stream is situated in the Pampean region, a vast grassy plain that covers central Argentina, where the climate is temperate humid with a mean annual temperature of 16˚C, and a mean annual precipitation between 600 and 1200 mm. The Las Flores stream is a naturally nutrient-rich stream (SRP ≈ 0.8 mg•l −1 and nitrates ≈ 4 mg•l −1 ) with low current velocity (≈20 cm•sec −1 ) and well oxygenated water (≈8 mg•l −1 ) [11] . The studied reach was well preserved, although some cattle breeding was being developed in the surrounding area.
Three monospecific patches of Ceratophyllum demersum L., one of the commoner submerged macrophyte species in the stream, distributed along a 30 m reach (0 m, 18 m and 30 m) were sampled at 11:20 h, 17:10 h, 23:00 h and 5:00 h in 4th and 5th December 2010 (sunrise: 5:34 h and sunset: 19:54 h). At each sampling time, temperature, dissolved oxygen concentration, conductivity and pH in water were measured ( Table 1) . Macrophytes and associated macroinvertebrates were collected with 1000 mL plastic containers which were fast moved until about 20 cm of the plant were introduced inside. Then, containers were closed cutting the plant stems off. Macrophyte samples were taken close to the stream surface and patch edge, avoiding senescent shoots. At the laboratory, macrophyte samples were rinsed off to remove macroinvertebrates, which were preserved in 70% alcohol for identification and counting under stereoscopic microscope. Macrophytes were dried at 60˚C until constant weigh to estimate macroinvertebrate density per macrophyte gram. I refer to the number of taxa and not the number of species because of the difficulty in identifying aquatic macroinvertebrates in this system and the fact that taxonomic resolution varied among groups. The macroinvertebrate relative abundance was estimated per each sampling time. Since great differences in abundance were registered between patches at each sampling occasion, the effect of time on invertebrate abundance was evaluated by one-way block ANOVA, using invertebrate abundance as variable, time as factor and blocking by patch. The relative abundance of macroinvertebrates was calculated dividing the number of invertebrate sampled at each time by the sum of invertebrate abundances in all times, for each patch (Nurminen & Horppila 2002 ). All variables were checked for normality (Shapiro-Wilk, p > 0.05) and homogeneity of variances (Levene, p > 0.05) before parametric tests were performed. Variables that did not meet the assumption of normality were log-transformed.
Results
The macroinvertebrate community included 24 taxa, comprising 4 genera, 11 families and 9 major groups and was dominated by Oligochaeta (58% of total individuals; mean of the three patches). Other groups such as Amphipoda (9%), Cladocera (7%), Copepoda (6%), Odonata (5%) and Ephemeroptera (3%) were also present. Not only epiphytic organisms but also planktonic invertebrates like Cladocera (Daphnia sp.), Copepoda (Calanoida) and Ostracoda were present in the samples ( Table 2) .
A great variation among macrophyte patches for each sampling time and among sampling times for each patch was found in macroinvertebrate density (Figure 1 ) and relative abundance (Figure 2 ). Significant differences were found among sampling times in macroinvertebrate relative abundance (ANOVA, F = 5.149, p = 0.028) but not in macroinvertebrate density (one-way ANOVA for time factor and one-way ANOVA for patch factor, p > 0.05). The effect of time on macroinvertebrate relative abundance was caused by the higher number of individuals found at 5:00 h than at 17:10 h (Tukey a posteriori multiple comparisons, p = 0.031). A consistent variation in macroinvertebrate abundance was detected along the day, with a minimum at 17:10 h and a maximum at 5:00 h in groups like Oligochaeta, Copepoda and Ephemeroptera (Figure 3 ).
Conclusions
As for macroinvertebrate taxa found, the abundance of planktonic organisms such as Cladocera, Copepoda and Ostracoda was surprising. However, it has been previously reported the presence of Cladocera highly associated to macrophytes in lentic systems [10] .
The abundance of macroinvertebrates showed a maximum during the night sampling at 5:00 h (Figure 1) . From Tukey multiple comparisons, which showed significant differences between samplings at 17:10 h and 5:00 h, and Figure 1 , it is possible to state that the nocturnal increment in abundance does not produce gradually but in a pretty abrupt way once the sun sets. Oligochaeta and Ephemeroptera, among epiphytic organisms, as well as Cladocera and Copepoda, among planktonic, may be which most likely are giving place to the increase in total abundance during the night ( Table 2 ). The comparison between epiphytic, planktonic and benthonic organ- isms, plus an assessment of macroinvertebrate abundance in water and sediment, may allow in future studies to distinguish between nocturnal horizontal migration to macrophytes, already reported in lakes (Nurminen & Horppila 2002) , and nocturnal vertical migration to macrophytes, which may exist in low current streams.
As for the variables that may be capable of triggering such nocturnal movements in macrophyte patches from Pampean streams, we should add to the classic effect of light [2] [6] a possible influence of great differences in dissolved oxygen (21.71 mg•l −1 at 17:10 h and 1.83 mg•l −1 at 5:00 h, Table 1 ), as low oxygen concentrations have also been suggested as capable of enhancing drift [12] . Finally, the adaptative meaning of horizontal migrations of planktonic organisms like Cladocera and vertical migrations of epiphytic/benthonic organisms like Oligochaeta, during the night, may be in protection from predators [1] . On the other hand, since these aquatic plants have great biomasses of biofilm and detritus [13] , food resource for Oligochaeta, Amphipoda and Ephemeroptera, we can not discard the simultaneous existence of a preferably nocturnal feeding behavior.
In conclusion, these results support the hypothesis of increase in macroinvertebrates abundance during the night. However, the low number of replicates plus the high environmental variability did not allow conclude much about the specific groups of invertebrates involved. In addition, further simultaneous research on macrophyte, sediment and water column macroinvertebrate abundances along a day are necessary to test the existence of nocturnal horizontal or vertical migration in Pampean streams.
